In herbivores such as the rabbit the regulation is easily overloaded; the addition of large amounts of cholesterol to the diet may result in a tenfold increase in the level of cholesterol in the serum. Even in omnivores such as poultry, dietary cholesterol causes a marked rise in serum cholesterol (March, Biely & Lindsay, 1964) . Also in man, recent experiments have clearly shown that an excess of dietary cholesterol may raise the level of serum cholesterol (Connor, Stone & Hodges, 1964; Connor, Hodges & Bleiler, 1961 a, b ; Erickson, Coots, Mattson & Kligman, 1963) . It can be accepted then that there is a cholesterol-regulating mechanism, easily overloaded in some animals and much more stable in others.
For some years it has been known that an excess of dietary fats can also affect the concentration of cholesterol in the blood ; saturated fatty acids raise serum cholesterol level whereas polyunsaturated fatty acids lower it (Kinsell, Michaels, Friskey & Splitter, 1958 ; Bronte-Stewart, Antonis, Eales & Brock, 1956; Ahrens, Hirsch, Insull, Tsaltas, Blomstrand & Peterson, 1957) . Little is known about the mechanism of this effect. We wished to investigate whether excess of saturated or, alternatively, polyunsaturated fat in the diet had some further action on a mammal in addition to the well-known effect on lipid levels. We have therefore studied the effect of such diets on basal oxygen consumption.
We have used primates because, like man, they are omnivorous and are thus more likely to respond similarly to changes in diet. Two groups of baboons were studied. One group was given a diet rich in saturated fatty acids and the other group a diet rich in polyunsaturated fatty acids. We have also determined the concentrations of cholesterol and phospholipid in the serums of the animals on the different dietary treatments.
1956).

E X P E R I M E N T A L
Diet
Control. Usually the animals ate the total diet as supplied. This consisted of a cooked mixture containing (%): 71 sifted white maize meal, 10 dried skim-milk powder, 12 ox liver, 6 beef dripping and I sodium chloride. Approximately 450 g of this diet were mixed with water and given to each baboon. In the afternoon raw sweet potatoes, carrots, cabbage and oranges were given. The total diet consumed by each animal provided per day 1900-2200 kcal and approximately 330 g carbohydrate, 50-55 g protein, 46 g fat and 0.2 g cholesterol. Fat contributed about 20% of the total calories. Diet I. The cooked mixture contained (yo) : 39 sifted white maize meal, 16 dried, full-cream milk powder, 11 liver, 5-5 beef dripping, 8-5 butter, 9 cream (thick), 10 fresh whole egg and I sodium chloride. Approximately 450 g of this mixture (before addition of water) were given to each baboon in the morning. In the afternoon the baboons were given a small quantity of raw sweet potatoes and carrots only. Cabbage and oranges were omitted; baboons enjoy those and tend to ignore the diet in their favour. The diet consumed by each animal provided per day 1900-2200 kcal and 200 g carbohydrate, 50-55 g protein, 117 g fat and 0.65 g cholesterol. Fat contributed about 48 % of the total calories. Diet 2. The cooked mixture contained (yo) : 5 I whole wheat flour, 12 dried skimmilk powder, 12 liver, 24 sunflower-seed oil and I sodium chloride. In the morning each animal was given approximately 45og of the mixture. In the afternoon the baboons were given oranges and cabbage. In this diet it was necessary to reduce the calories contributed by carbohydrate, replacing it by fat. Reduction in the quantity of wheat flour spoilt the consistency of the mixture so that it became unacceptable. Consequently, we lowered the percentage of carbohydrate by omitting carrots and sweet potatoes. Fats, predominately unsaturated fatty acids, provided about 48% of the total calories.
Animals
Fifteen healthy adult baboons were used for this investigation. They were divided into two groups. Group I consisted of eight baboons (six females and two males) and group 2 of seven baboons (two females and five males). The animals in group I had either been born or existed for several years in the colony. Those in group 2 had been recently introduced into the colony from the wild state. This may perhaps account for the initial differences in mean cholesterol level and basal oxygen consumption between the two groups (Tables I and 2 ) . The ages of the males and six of the females ranged from 4 to 7 years; two of the females were 12 and 14 years. All the animals had been maintained on the control diet for at least 6 months.
Procedure
Group I. The baboons were first studied while they were given the control diet for a period of I month, measurements being made at weekly intervals, i.e. four determinations per animal. The animals were then given diet I for 4 weeks, measurements again being made at weekly intervals. During this time the contribution made by fat to the total dietary calories was gradually increased from 37 to 48 % by replacing a certain amount of the maize meal and all of the liver by butter, cream and eggs.
Thereafter the animals received diet 2 for 9 months. During the 1st month, measurements were made at weekly intervals beginning I week after the introduction of diet 2 (period I). Further determinations were made at weekly intervals during the 4th month (period 2) and again during the 9th month (period 3).
Group 2. Measurements were made at weekly intervals for 10 weeks while the animals were given the control diet, i.e. a total of ten determinations per animal. Thereafter they received diet I for 94 months and measurements were made at two stages during this time: (I) five measurements at weekly intervals, beginning in the 6th month (period I , 6 months), and (2) six measurements, also at weekly intervals, beginning in the 9th month (period 2, 94 months).
It is not known whether the baboon shows a seasonal variation in oxygen consumption. However, both groups I and 2 were given diets 2 and I respectively for a long time. By comparing the values for basal oxygen consumption obtained for these two groups during the 9th month when given both types of dietary fat with those obtained for the animals when given the control diet, we could eliminate any seasonal effect, since measurements were made during the same season. Van Zyl & Kerrich (1955) have previously shown that there is no seasonal variation in serum cholesterol or phospholipid in the baboon.
Laboratory investigations
The blood required for the determination of the concentrations of cholesterol and phospholipid in the serum was collected by venepuncture from arm or leg I h after deep pentobarbitone Na (Sagatal ; May and Baker Ltd, Dagenham, Essex) anaesthesia. All animals were in the postabsorptive state. After the blood had clotted, the serum was obtained by centrifugation. Cholesterol was measured spectrophotometrically by the method of van Zyl & Kerrich (1955). The extinction values were determined in a model B Beckman spectrophotometer at a wave-length of 660 nm. Phospholipid phosphorus was determined spectrophotometrically by Glick's (1934) modification of the method of Kuttner & Lichtenstein (1932) for the determination of organically bound phosphorus. The extinction values were determined at 820 nm after 4-20 min of colour development. Phospholipid values were calculated from phosphorus values by multiplying these by 25.
Oxygen consumption was determined under deep Sagatal anaesthesia by means of a cuffed endotracheal catheter leading to a Benedict-Roth spirometer. The animals were kept at a constant ambient temperature of 27' . Further details of this method will be given elsewhere (Goldstone & Savage, 1965, to be published). Basal oxygen consumption is believed to be either a function of surface area (of which body-weight (W) is an approximate measure) or alternatively as a function of W* (Kleiber, 1961) .
T o make allowance for any weight change we have divided the animal's oxygen consumption by its W%. Our results, of course, would be equally significant if we had expressed the values as oxygen consumption + W f .
Statistical analysis
The significance of the difference observed after change in diet was examined by means of the t test described by Hill (1961) . I965
RESULTS
Weight changes
Two of the females in group I and the two in group 2 lost weight when they were given the high-fat diet; all the males gained weight when they were given the high-fat diet, but the increase in weight was most pronounced in the group given the diet containing saturated fat (Table I) . Table I shows the mean values for basal oxygen consumption of the two groups of baboons. Table 2 shows the mean values for the concentrations of cholesterol and phospholipid and the cholesterol :phospholipid ratio in the serums of the two groups of animals.
Serum lipids and basal oxygen consumption Control diet
Change from control diet to diet I (containing saturated fat)
Group I. During the 4 weeks when the animals were given diet I there was a significant increase (O*OOI < P < 0.005) in the mean concentration of cholesterol in the serum for the group ( Table 2 ). The concentration of phospholipid in the serum and basal oxygen consumption were not significantly affected (Tables I and 2) . Group 2. These animals received diet I for a much longer period than did the animals in group I . At the end of 6 months (period I , Tables I and 2) significant increases occurred in the group means for serum cholesterol (o*oo5 < P < 0'01) and phospholipid (0.05 < P < 0.1). The change in diet resulted in a marked decrease (0.005 < P < 0.01) in basal oxygen consumption in all seven animals at this stage. After g$ months on diet I (period 2, Tables I and 2) the concentrations of cholesterol and phospholipid in the serum of all the animals except one appeared to be reverting towards their normal values, though the mean concentration of cholesterol in the serum was still above normal. The depression in basal oxygen consumption observed during period I was maintained in all the animals during period 2 and was again significantly less (0.001 < P < 0.005) than that observed for the animals when given the control diet. Summarizing this effect of the prolonged administration of a diet rich in saturated fatty acids, we can say that there was a steady fall in basal oxygen consumption throughout. Phospholipid and cholesterol levels in the serum at first increased, though later they partly reverted.
Comparison of eflects of a high-fat diet (polyunsaturated fat)
Group I . During all the periods of the experiment when the baboons were given diet 2 the concentration of phospholipid in the serum was significantly lower than that in the serum of the animals on the control diet (Table 2 ). On the other hand, the serum cholesterol levels of the baboons given diet 2 for I or 4 months were not significantly different from the serum cholesterol level found for the animals when they were given the control diet. However, after 9 months on diet 2 the serum cholesterol had decreased to a level that was significantly lower than that observed U W VOl. 19
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for the animals on the control diet. The basal oxygen uptake of the baboons during the 1st month on diet 2 was not significantly different from that of the animals on the control diet (Table I) . After 4 or 9 months on diet 2 the basal oxygen consumption increased to levels that were significantly higher than that observed for the animals when they were given the control diet. To summarize the effect of the prolonged administration of a diet rich in polyunsaturated fatty acids subsequent to a diet rich in saturated fatty acids: there was an early and sustained fall in the mean concentration of phospholipid in the serum; the mean concentration of cholesterol in the serum returned to control values during the first 4 weeks and subsequently decreased slowly; the basal oxygen consumption eventually increased significantly. Table 2 shows the cholesterol :phospholipid ratios in the serum for both groups of animals when they were given the control or high-fat diets. It is noteworthy that both types of dietary fat increased the mean cholesterol: phospholipid ratio in the serum. This increase, though marked in the animals given diet 2, was not sustained and the cholesterol: phospholipid ratio reverted to normal after 9 months. With diet I however the ratio remained elevated. I t is natural to ask if one of these hormones is involved in the mechanism whereby different dietary fats influence lipid levels and oxygen consumption.
Of all these possible hormone mediators, thyroxine appears to deserve first consideration since its effect on blood lipid levels is similar to that brought about by ingestion of polyunsaturated fats. In man both thyroxine and polyunsaturated fats cause: (I) increased degradation of cholesterol to bile acids and (2) depression of pand a-lipoproteins with resultant relative stability of the cholesterol :phospholipid ratio (Olson & Vester, 1960; Strisower, 1959; Kinsell et al. 1958; Lewis, 1958; Gordon, Lewis, Eales & Brock, 1957) .
A further point of similarity, as we have now shown in the baboon, is that polyunsaturated fatty acids in the diet raise the basal metabolic rate. We are therefore planning to study thyroxine output in animals given different dietary fats.
Swank & Nakamura (1960) have shown that in the rat a diet high in saturated fat causes agglutination of red cells and immediate interference with oxygen transfer to the brain. It seems unlikely that this effect could explain our results with experimental baboons since the effects on BMR developed slowly over several months. & Wall (1958) found that the basal oxygen consumption of I965 rats increased when they were given a fat-free diet; control rats given a diet containing 30 yo polyunsaturated fat showed no increase. Our results with baboons are in direct contrast to these findings. However, the tests on rats were not conducted at a standard (critical) ambient temperature. Moreover, the effects of changes in the type and level of dietary fat on blood lipids in rats are often the reverse of those observed in primates (Olson & Vester, 1960) .
Panos, Finerty, Klein
When the baboons were given the diet containing polyunsaturated fat the changes in level of phospholipids in the serum occurred more rapidly than changes in the other lipid levels. This is in contrast with results on human volunteers eating a similar long-term diet (Antonis & Bersohn, 1962) . In these volunteers, maximum changes in blood cholesterol levels occurred rapidly (within a few weeks) ; pronounced changes in the levels of phospholipid in the serum took 2 years to develop. With baboons the opposite seems to occur; maximum change in the level of serum phospholipid occurred quickly, whereas marked changes in the level of serum cholesterol developed slowly. The human volunteers, given the diet containing polyunsaturated fat, at first showed a depression in the cholesterol : phospholipid ratio in the serum because of the early fall in cholesterol level. However, after I$ years on this diet, maximum fall of the level of phospholipid in the serum had occurred; and this raised the cholestero1:phospholipid ratio nearly to unity. Thus, although men and baboons as primates have many physiological mechanisms in common, this study shows that there is a striking difference in the effect of diet on the cholestero1:phospholipid ratio in the plasma of these two species.
All the changes that resulted from alterations in the dietary fat were more marked in adult males than in females. In man, too, it is generally accepted that serum lipid levels are more susceptible to alteration in the male than in pre-menopausal females ; the difference is probably due to oestrogen levels (Oliver & Boyd, 1956) .
Finally, the weight gain of the baboons on the polyunsaturated-fat diet should be noted: it was less than the weight gain on the saturated-fat diet. This is perhaps to be correlated with the high basal oxygen consumption of the animals on the former diet. This fact may have application in practical animal nutrition and in the field of human dietetic therapy. SUMMARY I . A group of eight baboons (group I) was fed on a diet rich in saturated fat for I month, during which time oxygen consumption and the levels of cholesterol and phospholipid in the serum were determined. The concentration of cholesterol increased significantly.
2. A second group of seven baboons was given the same high-fat diet for 9 months. After 6 months the serum cholesterol and phospholipid levels rose significantly. The basal oxygen consumption fell significantly. After 9 months, the cholesterol and phospholipid values appeared to be reverting towards normal basal values. The depression of oxygen consumption persisted.
3. The original baboons of group I were transferred for 94 months to a diet containing polyunsaturated fat. At the end of I month the phospholipid levels had dropped significantly; these low phospholipid levels were maintained throughout.
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After 4 months cholesterol levels began to fall. The rise in the basal oxygen consumption was significant at this stage. After 94 months both the cholesterol and phospholipid levels were significantly lowered. The oxygen consumption remained significantly increased.
4.
The cholesterol: phospholipid ratios of both groups of animals increased with either type of fat diet. The cholesterol : phospholipid ratio, however, remained elevated in the group receiving the diet high in saturated fat, but eventually reverted to normal in those animals receiving the polyunsaturated-fat diet. 5. For all the observed variables, a polyunsaturated-fat diet closely imitates the action of thyroxine and a saturated-fat diet has the reverse action. It was decided for future study to use further tests of thyroxine output in this experimental situation.
6. The effect of these diets on lipid levels is well known in man and other mammals. In addition, it was noted that these diets had a marked effect on basal oxygen consumption.
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